Abstract--A smectite rich in ferrous iron and low in aluminum occurs abundantly in the Red Sea Geothermal Deposits, and appear to be forming at present.
INTRODUCTION AND OCCURRENCE THE Red Sea geothermal brine deposits are directly precipitating due to discharge of a hot brine onto the bottom of the Red Sea (Bischoff, 1969) . Through time a 20 m thick succession of bedded mineral facies has been deposited. The most recent facies, a 5 m bed, apparently forming at present, is composed dominantly of an iron smectite with composition and structure intermediate between nontronite and the as yet undescribed trioctahedral ferrous iron smectite.
PHYSICAL PROPERTIES
The smectite bearing facies is characterized as a dark brown "soupy" mud of approximately 5 m thickness distributed over an area of 56km 2. Interstitial brine contents are very high ranging from 85 to 96% on wet weight basis. The smectite accounts for approximately 75% of the solids with the rest being amorphous iron hydroxide with minor amounts of detrital pelagic carbonate.
The mineral occurs in birefringent colloidal particles displaying apple green color, and refractive indices of 1.60 _+ 0.005. SAMPLE PREPARATION Bulk samples were collected from the four following cores taken from the geothermal area: 120K, 126P, 127P, and 128P (see Bischoff, 1969 for locations).
Due to significant impurities of amorphous iron hydroxide and detrital carbonates, leaching of the samples was necessary. The possibility that such a leaching treatment may attack and modify the mineral itself is recognized; analyses were, therefore, performed on the untreated bulk samples, and on the leached residues, to allow a monitor of the components lost during leaching.
The samples were first suspended in distilled water and placed in an ultrasound bath to remove interstitial brine, followed by drying at room temperature. One split was taken as representative of the original bulk material. The remaining sample was then treated with EDTA for carbonate dissolution followed by buffered dithionite solution described by Mehra and Jackson (1958) to remove iron hydroxide. This latter step probably attacked some of the smectite itself, but it is believed judging from the X-ray and chemical data (Figs. 1, 2 and  Tables 1, 2 , 5), that no significant restructur.'ng took place. Microscopic examination indicated that all carbonate and ferric hydroxide had been removed during leaching, and that only the clay phase remained.
X-RAY DIFFRACTION Following the methods outlined by Hathaway (1956) , oriented mounts of both treated and untreated sodium saturated samples were scanned, and re-scanned subsequent, respectively, to glycolation, and heating to 400 ~ and 550~ (Fig. 1) . In addition powder camera photographs were taken (Table 5 ). Since all samples gave essentially identical patterns only 128P is presented.
Both sets of patterns are characteristic of smecrite (MacEwan, 1961) with basal spacings of approximate!y 13-5 A expanded by glycolation to about 15.5A, and collapsing to approximately 9.5 A after heating. Moreover, peak positions for the leached and unleached samples are the same, the only difference being that in the former, intensity is greater.
In order to determine the (060) spacing, samples were subjected to low compressional stress in a hydraulic press, and diffractometer scans in the region of 60~ were performed on sections cut 217 CHEMICAL COMPOSITION Chemical analyses were performed on both sets of samples by several methods. SiO2 was determined colorimetricaUy by the acid molybdate technique (Bennett and Hawley, 1962) , and FeO by titration with dichromate (Kolthoff and Sandell, 1952) . The remaining metals (total Fe, Mn, Mg, Ca, Na, K, Cu and Zn) were determined by both atomic absorption spectroscopy and emission spectroscopy (pellet spark technique using borate fusion and internal standards (see Landergren, et al., 1964) . Ignition loss at 1000~ includes structural water, carbonate (as CO2), reduced sulfur species (as SO2), and gain by oxidation of ferrous iron.
A comparison of analytical results between leached and unleached samples (Tables 1 and 2) indicates an increase in SiO2 and a decrease in Fe2Oa, and CaO, as would be expected by removal of amorphous iron hydroxide and calcium carbonate. The increase in Na20 after leaching indicates Na to be the major interlayer ion as might be expected of a clay formed in a saturated NaC1 brine. Some Na, however, may have been added from the EDTA and dithionite during leaching. Later analysis of FeO yielded somewhat lower values indicating slow oxidation of the mineral while in contact with air. Atomic proportions were calculated for the leached samples (Table 3) by taking the general smectite formula as Y4-6ZsO~0(OH)4. nH~O (MacEwan, 1961) , where Y and Z refer to octahedrally and tetrahedrally coordinated cations respectively. As the amount of interlayer water is variable, atomic proportions were assigned on the basis that combined metal equals forty-four equivalents per formula unit.
After assigning all Si and AI from Table 2 to tetrahedral sites, the deficiency (Table 3 ) was assigned to ferric iron for a sum of 8 tetrahedral ions. Remaining ferric iron was assigned to octahedral sites, along with ferrous iron and Mn, Zn, Cu and Mg, all which have ionic radii suitable for octahedral coordination. The sum of these octahedral ions falls within the theoretical 4-6. Ferrous and ferric iron dominate the octahedral sites. The remaining ions, Ca, Na, and K, were then assigned to the interlayer exchangeable positions, for which Na is by far the most important.
The number of exchangeable ion equivalents (1-00 to 1-61, Table 3 ) indicates a cation exchange capacity in the range of 95-133meq per 100g. Significant amounts of occluded salts can be discounted as a source of the Na since leaching resulted in an increase in concentration.
The measured exchange capacities appear somewhat lower than those calculated from the structural formulae using K, Na and Ca (Table 4) , by approximately 25%. Now, if potassium were fixed, it would not contribute to the measured capacity. When potassium is subtracted from the calculated capacities (Table 4) , agreement with experimental values becomes acceptable. The excess tetrahedral and octahedral charge which gives rise to the cation exchange capacity is somewhat large, but is in the range for smectites. However, the tendency to fix potassium and form the mineral glauconite must be rather strong, and will probably take place with time.
The amount of tetrahedrally coordinated ferric iron (0.45-1-19 atoms, Table 3 ) is not unreasonable, and compares with 0.77 atoms of tetrahedral ferric iron found by Osthaus (1953) for the Garfield, Washington nontronite.
The number of octahedrally coordinated ferrous iron atoms (0.49-1.15 atoms, Table 3 ) should be taken as a minimum, since slow oxidation is probably taking place during sample storage. However, octahedral cations total between 4.43 and 4.76 (Table 3) , so the mineral is nearer to being dioctahedral than trioctahedral. In summary, the structure is characterized dominantly by Fe 2+ and Fe 3 § iron in the octahedral sites, and Si and Fe 3+ in the tetrahedral sites. This structural composition is, therefore, intermediate between true dioctahedral nontronite and a trioctahedral hypothetical end member in which ferrous iron occupies all octahedral sites. Of the smectites reported in the literature, the mineral is similar in Fe z+ content to griffithite ~+ (Fev04, MacEwan, 1961), but which is dominated by Mg in the octahedral sites (Mg3.vr) and lacks tetrahedral Fe 3+.
MOSSBAUER DATA
Mbssbauer spectroscopy has become increasingly useful in the study of coordination and valence of iron in crystals (see Weaver et al., 1967; Taylor et al., 1968) .
Mrssbauer spectra on both sets of samples were kindly determined by Dr. Carol Herzenberg of the liT Research Institute (Fig. 2) . Both unleached and leached samples displayed similar patterns, the only difference being enhanced peak intensity (but unimproved resolution) in the latter. The patterns are characterized by a series of imperfectly resolved peaks in the region of approximately-0.5 mm/sec to +1.0 mm/sec, and a resolved peak in the region of + 2.0 to 2-5 mm/sec, measured with respect to the center of metallic iron spectrum.
Mrssbauer spectra presented by Weaver et al. (1967) with values adjusted to the convention used A spectrum of a biotite containing both octahedral and tetrahedral Fe z+ displays an additional peak at + 0.45 mm/sec which is attributed to tetrahedral iron.
Therefore, if the crystal chemistry deduced from the chemical data for the smectite is correct, and assuming iron in biotite is structurally analogous to that for the smectite, the M6ssbauer spectrum would be expected to display peaks at -0.2 and +l.0mm/sec for the octahedral Fe z+, and-0.35 and + 0-45 mm/sec for tetrahedral Fe 3+, plus peaks in the vicinity of--0.05 and +2.35mm/sec for 
GENESIS
The precipitation mechanism for the mineral apparently requires a combination of cooling of the brine, and subsequent mixing with the Red Sea bottom waters. All components appear to come from the brine, which contains approximately 60 ppm dissolved SiOz and 80 ppm Fe z+, as well as the other heavy metal components (Brewer and Spencer, 1969) . As the brine discharges on the sea floor, it cools thereby making dissolved silica supersaturated. During mixing with seawater, a portion of Fe 2+ is oxidized, and the smectite precipitates as a mixture dominantly of Fe z+, Fe 3+ and SiOz. After precipitation in the water column, the material settles to the sea floor. The mineral is most likely unstable in the presence of sea water, and a trend toward equilibrium would probably involve K fixation and formation of glauconite.
